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Abstract
The purpose of this research is to investigate and propose an expressing method of information
making good use of 3-dimensional space. Under the theme of information design on a 3dimensional space, we treated a virtual aquarium as a subject matter. This research focuses on
development of effective methods of designing techniques which can be utilized in making
interactive content on the internet through the actual development of "Aqua Project". Focusing
particularly on real time 3D graphics, we will propose a representation technique that utilizes
words, images, and geometric models all integrated into 3D space. We searched for ways to
efficiently structure information, provide an intuitive user interface, and furthermore realize
dynamic handling and interactive representation of information. In this research, we have
constructed and investigated an experimental model, by the technology of Real Time 3DCG, which
can show both of the information on observer's request and the simulated aquatic creatures and their
surrounding environment in the virtual fish tank simultaneously in the 3-dimensional space. We
have developed and verified "Aqua Place," a web contents of virtual aquarium containing 3dimensional simulation by VRML and viewpoint technology (web3D technology) within a virtual
fish tank. Through this development and verification, we focused on the functions for observation
in 3-dimensional space and on the method for revealing information about creatures as a database.
In conclusion, it demands an operating condition that makes it possible to observe each individual
creature as well as an information design of 3-dimensional ecosystem simulation in a virtual fish
tank.
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Three dimensional models: a study of a virtual aquarium
simulation in 3D WWW environments
This research was conducted under the theme of representation and communication of information
in 3-dimensional space. We have constructed virtual aquarium making use of 3-dimensional
WWW techniques in order to investigate inevitable functions and tools for our virtual aquarium and
to consider the potentiality of the community with using our techniques as well.
In constructing an experimental virtual aquarium, we used VRML (Virtual Reality Modeling
Language), which is general 3-dimensional WWW environment at present, and networking
environment. The virtual aquarium is realized as an aquarium contents composed of three virtual
fish tanks described in 3-dimensional modeling environment with VRML, which are accompanied
by the database function providing information for each creature in the tanks, and linked mutually
to the web pages described with HTML.
With this structure, we aim to propose a new study environment through the experience, discovery
and observation in virtual space by practically operating the interactive environment to access the
fish tanks which allow users to move freely in the 3-dimensional space and to access the
information for simulated ecosystems and creatures in there.
The following points provide an overview of this research. The most important point in
constructing a virtual aquarium on a network is that it is necessary to realize not a mere simulated
representation of actual aquarium but to realize the features of VRML 3-dimensional space and the
interactive environment of Internet.
One of the aims of this research project is to provide users with new viewpoints for observation
without limitations of time and space, which is difficult to get in the real aquarium. In achieving
this, we considered the subject under the following three headings: (1) Observer's Point of View; (2)
Spatial Sailing Eyesight; and (3) Database Function.
In order to construct contents that can allow the users to experience the observation, we focused on
observer's point of view. Generally in the actual aquarium, the mainstream for display is to show
water tanks with the simulated model ecosystems of the certain sea areas getting the fish,
inhabitants and ecological conditions such as coral of the area together.
It can be regarded that they serve the information centered on "watching" viewpoints in this style of
display.
After conducting a survey on visitors' viewpoints in the aquarium, who are observers at the same
time, we classified the result into following three groups.
1)

Viewpoint for watching
A viewpoint for looking the water tank as a whole including the surrounding environment
and atmosphere of interesting fish and its behavior pattern or relation between other fish and
inhabitants.

2)

Viewpoint for observation
A viewpoint for watching a certain fish or inhabitant in the water tank and comparing its
peculiarity to others.
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3)

Viewpoint for studying
A viewpoint for studying far more detailed background information and reference materials
than those of their observed result to compare with the subject for analysis.

It is no more necessary to watch the fish or inhabitants through the thick glass in the simulated 3dimensional virtual fish tank. Users can get the same eyesight as fish to observe freely in the tank as
if they sailed in the sea. This "spatial sailing eyesight" provides users with the following viewpoint
or ways of observations:
1)
2)
3)

Observation from various angles making good use of 3-dimensional virtual spaces
Viewpoints for experiencing the trailing and searching
The achievement of dynamic and interactive viewpoints for observation

Besides, we also considered that to provide a substantial database function is essential for users’
analytic observation. It is general in the real aquariums that the detailed information related to the
subject is provided in the ways of indirect or supplemental, such as illustrated guides, reference
books or videotapes. This may raise a question because the visitors cannot get the answer soon if
they wonder or discover something while they are watching. In the virtual aquarium, on the
contrary, users can use the reference function directly without changing pages or frames they are
watching. This function was realized for providing the viewpoint of "studying," by directly linking
the 3-dimensional model data of sailing fish and other inhabitants in the tank to the text data and
picture data such as names or ecological conditions of them.
Let us now look at our configuration of the models in detail. "Aqua place," the virtual contents we
have constructed this time, was constructed with the cooperation of Tokyo Sea Life Park. We
considered their displaying aquatic inhabitants and ecosystems as a good model and sampled three
water tanks for our virtual fish tank modeling. We also constructed a part for illustrated guide as a
reference function, which is a linked library providing the information on the aquatic creatures in
each virtual tank such as names and so on. This is useful for realizing the interactive environment
that allows users to switch freely on either the virtual fish tank or on library.
This time, we realized the function for "observation" on a basis of standard VRML specification
and as for the difficult part for VRML, such as representation of details for fish, was covered by the
combination with interactive 3-dimensional WWW environments with viewpoint. The function for
"studying" was realized as web contents by the mutual linkage between VRML files and HTML
files.
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Illustration 1: The sitemap of Aqua Place
The "aqua place" is, as you see in Illustration 1 “The sitemap of Aqua Place,” composed of
following three parts: (1) Virtual fish tanks; (2) Illustrated Guide; and (3) Backyard. (See
Illustration 1 “The sitemap of Aqua Place”)
(1)

Virtual Fish Tanks for Simulation
This part is constructed by VRML modeling techniques and divided into three virtual fish
tanks for simulation: (1) Voyagers of the Sea, A fish tank for Tuna; (2) The South China
Sea; and (3) The Indian Ocean.

(2)

Illustrated Guide
This is the part of providing information on the aquatic creatures sailing or inhabiting in
three kinds of virtual fish tanks, such as names, classifications, characteristics and habitats.
In constructing this part, we referred the common illustrated guide for Japanese elementary
school children as a basis of information level.

(3)

Backyard
This is the part of providing information on our web site, ways to link the download site of
VRML browser, operation manual or document of our site.

Here under is the explanation of how to realize the Spatial Sailing Eyesight. The VRML browser
serves two kinds of walk through mode called “walk” and “fly” that allow users to move around
freely in the 3-dimensional space and subject centered 3-dimensional indication mode called
“study.” It also serves the function to move the viewpoint freely by operating the mouse in the
virtual space called “plan,” “pan,” “turn” or “roll” and so on.
Followings are the conditions defined for movements in the space regarding the feature of each
virtual fish tank.
1)

"A virtual fish tank for Tuna" simulated the ecological condition of ocean migratory fish,
so that there is no definition for seabed or the surface of sea. Therefore, users can move
freely with the fly mode in 3-dimensional space of VRML browser.
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2)

As "The South China Sea" and "The Indian Ocean" simulated the environment of coral or
rocky seabed, we defined “walk” mode to move on seabed as a default and to be modified
into “fly” mode if it is necessary to move in the space.

Turning now to the point of realization of the viewpoint for observation. Not only for watching the
relationship and movement of fish in the whole ecosystem, but with the definition of some other
viewpoints, such as looking down from the top, looking up from the bottom, or eyesight of the
sailing fish, we realized functions that allow users to change the viewpoint indication by the
selection from the menu.
On the other hand, there is the possibility to have an analytic viewpoint for "observation" to pick up
a target fish. There are viewpoints provided to observe the target more analytically by closing up a
certain fish, observing from various angles or "trailing" to observe a sailing movement of a subject
in a fixed frame.
As for the realization of the database function in our virtual aquarium, definition of anchor points
for each fish make it possible to indicate the name of a fish or to link the specified web page by
pointing with the mouse, so that we realized a handling function for specifying necessary
information and referring them directly, which is related to the illustrated guide part which
introduces the information on names of fish or on their ecological conditions.
For the moment let us look closely at modeling of the virtual fish tanks for simulation. We
constructed our virtual aquarium on the basis of aquatic inhabitants and the ecosystems displayed at
Tokyo Sea Life Park.
The first point is on modeling of the aquatic creatures and their fish tank. Modeling execution for
fish, rocks or coral was done in the divided group according to the environment of each fish tank.
We sampled three water tanks that show abundant kinds of fish among the water tanks of Tokyo Sea
Life Park: (1) Voyagers of the Sea, A fish tank for Tuna; (2) The South China Sea; and (3) The
Indian Ocean. We also selected the fish and inhabitants that have a characteristic forms and ways of
sailing for modeling: six kinds from "A fish tank for Tuna"; seven kinds from "The South China
Sea"; and eight kinds of fish and coral from "The Indian Ocean." Here are the names of fish in each
fish tank; Katsuwonus pelamis, Thunnus albacares, Thunnus thynnus, Euthynnus affinis, Thunnus
alalunga and Mola mola are in “Voyagers of the Sea, A fish tank for Tuna;” Neoniphon samara,
Naso vlamingii, Sargocentron spiniferum, Gymnothorax javanicus and Diodon hystrix are in “The
South China Sea;” and Pterois volitans, cheilinus undulates, Zebrasoma scopes, Acanthurus sohal,
Chiromis virdis and Dascyllus aruanus are in “The Indian Ocean.” Constructing platform was
Windows personal computer and MetasequoiaLE R2.0, which is a standard modeler. WindowsNT
was used as a server for data and 3-dimensional WWW and description format was based upon
VRML 2.0. These models were converted into VRML format with utility software and were laid in
each fish tank.
Second point is how to optimize the complex model. In the case of modeling multiple kinds of
models such as a fish tank of an aquarium including fish, coral and rocks, it becomes difficult to
execute real time rendering process for enormous polygon data. We have developed "Aqua Pallet,"
the utility software in order to reduce the amount of polygons and to optimize the form of the
polygon itself (See Illustration 2 “The operating panel of Aqua pallet”). This software converts the
polygon data that are composed of quadrangle patches made up by MetasequoiaLE into triangular
ones and reduces the amount of polygons at the same time. Therefore, we made it possible to
realize a complex form with fewer amount of polygons (See Illustration 3 “The reducing the
amount of polygons”).
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Illustration 2: The operating panel of Aqua pallet

Illustration 3: The reducing the amount of polygons
It is also possible to define the texture with using "Aqua Pallet." We can easily specify the texture
with the definition of color, coefficient of reflection or diffusion for the model. We also applied the
texture mapping to add the marking pattern and texture that are peculiar to the fish. With this
process, we made it possible to make up models and to provide specific details of the fish, coral and
the rocks.
The next point is on simulation of the sailing. In order to simulate the model fish as if they are
sailing (swimming) about in the tank, it is necessary to simulate model of each fish's sailing way.
According to their form and ways of sailing, fish are roughly divided into following three groups
(See Illustration 4).
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Illustration 4: Three groups of the fish
1)

Sprinter type (Shape of a round fan, Japanese UCHIWA)
Using whole of flat body and show sudden movements such as acceleration from the slow
movement, agile. The fish of this type sails slowly in an ordinary way, but in the case of
catching food or sailing away from enemies, they accelerate with a swing of their body or
tail fin. Cheilinus undulates is an example of this group.

2)

Fin operating type
Fish of this type are good at controlling the complex and close movement of the pectoral fin
to stop and turn suddenly. When they are hurrying, they fold their pectoral fins and sail with
swinging tail and tail fin. Diodon hystrix is an example of this group.

3)

Type of long distance runner (Tail fin operating type with streamlined and flashing surface)
As they cruise the ocean at a high speed, they can cruise with less movement by tail fin.
They fit their pectoral, dorsal and pelvic fin to the trunk of the body and sail with swinging
of the crescent-shaped tail fin. In reducing speed, they open the fins. Thunnus thynnus is an
example of this group.

We made good use of morphing, one of the basic functions of the VRML, in order to realize the
above features in the VRML environment. Morphing is a function that connects two polygon
models that have the same number of polygons, and forms automatically the intermediate shape
between them (See Illustration 5).
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Illustration 5: A sample of morphing
In the shape transformation of the animation, generally used are the techniques of a bone animation,
sometimes called a skeleton animation, which is to define the frame of the shape to show the
transformed outward appearance along with the transformed movement of the frame.
However, it is impossible to define the frame for the modeling in the VRML environment, we
developed a utility software based on FFD (Free Form Deformation) method for the shape
transformation. This method is hard to occur the twisting, cracking or boring between the adjoining
polygons, by transforming the space itself, which defined the 3-dimensional shape (See Illustration
6). Making use of this advantage to represent the movements of fin and tail fin, it becomes possible
to simulate characteristic sailing way of each fish, and resulted in three simulation models of fish
tanks with kinds of fish (See Illustrations 7,8 and 9).
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Illustration 6: Transformation of coordinates by FFD method

Illustration 7: Fish tank of voyagers of the sea
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Illustration 8: Fish tank of The South China Sea

Illustration 9: Fish tank of The Indian Sea
As we aimed to provide an experience of observation in our virtual aquarium, realization of the
observation for the details is also an important question. Therefore at the part of illustrated guide,
we prepared the embedded window to represent the targeted 3-dimensional model for observation
in details. This function is constructed with the basis of 3-dimensional WWW environment of
Viewpoint corporation, which can realize the 3-dimensional representing environment by installing
a personal plug-in to web browser and can realize interactive 3-dimensional environment that
enables to zoom up, zoom out and parallel translation with the mouse operation. The 3-dimensional
WWW environment by Viewpoint corporation is a technique that can provide highly qualified 3dimensional visual images by a description of compact 3-dimensional model data and unique
mapping techniques which does not become rough even in the case of enlarging. With this, we
have got the model data that is fine and shaped in detail beside the modeling and mapping data for
VRML, we achieved the detail representation for observation as is seen in Illustration 10.
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Illustration 10: An example of embedded window
With the environmental simulation in the fish tank, it is difficult to represent a certain subject
centered in a window or represent a subject in a close up mode, because it moves to follow the
sailing simulation. Our mode for observation in Illustrated Guide explained above, on the contrary,
can provide the observation in fine detail that we cannot see in the simulating fish tanks. We
embedded the 3D view window to the guide page to observe the target freely such as using zooming
up or zooming out.
Realization of the above functions enables users to experience the studying process of observation,
discovery, studying and investigating, through the action of "watching," "observation" and
"studying" by the interactive mouse operation. Followings are the result of investigation on our
models.
As we used a standard web browser and describe the 3-dimensional environment and models by
VRML, the common 3-dimensional WWW environment, we found out the problems and questions
as follows.
1)

Problems of representation with HTML
Representing related information in an independent window is suitable for observation one
by one, but a new window hides the subject and operation that the users have done on the
former window. The operating environment described in HTML doesn't follow the direct
and interactive operation.
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2)

Problems of representation with VRML
The problem for representing the quality of 3D real time rendering
The problem for representing the quality of 3D real time rendering response
The necessity for correspondence with the bone animation when animating the model

3)

Functional questions on Viewpoint
The necessity for correspondence with the bone animation when animating the model
The necessity for correspondence to the multi object
The necessity for developing the data converting utility, which should work independently

Considering the questions and problems listed above, we got the subjects as follows for further
investigation or to be improved in the future.
1)

The subjects related to the representation
Representation of the environment that provides information without taking the eyes off
from the subjects
The 3-dimensional ways of representing information that correspond to the 3-dimensional
subjects.

2)

Viewpoint for observation
Making it possible to control the time axis such as set back, put forward or stop the linear
flow of the time.
Taking steps against the decline of quality in representing patterns or details with zooming
mode.
Simulating characteristic sailing way of each subject represented by animation.
Simulating to represent the behavior pattern of the fish in the ecosystem of the virtual fish
tank.

It is concluded that showing the information within the observed fish tank is effective in expressing
the relation between the objects and information, attribute itself of information or background
information. On the other hand, it is necessary to conduct a further investigation on the way of
showing information and on the types of information varied according to the aims and conditions of
observation.
With the VRML, the processing of the 3-dimensional data is executed in the client computer, so that
the representing conditions are influenced by the users' environment. Smooth representation with
the various conditions, such as the processing load for animating on the VRML browser, may be the
important question to be answered so that it is necessary to have higher techniques for real time
rendering or a better representing format of 3-dimensional data.
As for the operating possibility, jumping to other pages by the linkage button is the basic operating
steps for interaction. Therefore, to realize an interactive operating environment like getting
response for the operation in the same page, it is essential to have original extensions and to
introduce new plug-in modules for establishing the unique operating environment such as FLASH
or Director. The further investigation is necessary on the points of operating environment in 3dimensional space and of representing information, including the introducing and development of
new interactive environment described above.
Besides, in the case of observation environment for studying, the sorts and ways of indicating the
information according to the aims or conditions of observation, become important subjects to be
investigated. It is also necessary to investigate the user interface on the basis of reconsideration of
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the user model and of representing ways for information to make good use of the features of 3dimensional space with the model constructed this time.
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